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备得到的催化剂进行表征和定量估算，发现 CeO2 覆盖在 CeF3 上，随着焙烧温度
的升高，CeF3 催化剂由外而内分解程度不断加剧。CeO2 覆盖层的增加导致表面
F/O 比例下降，F 离子隔离活性位的作用减弱，丙烯选择性由 56.3 %降低到
42.2 %。在反应过程中，CeF3 核为 CeO2 源源不断地提供 F 离子，进而使催化剂
保持较好的丙烷氧化脱氢(ODHP)反应性能。 
在论文第一部分研究的基础上，采用湿法浸渍制备得到一系列 VOx/CeF3 和
VOx/ CeO2 催化剂，通过 XRD、Raman、Uv-vis 等手段对催化剂进行了表征，发
现钒的负载量和载体的性质影响钒氧化物在表面的结构以及晶相，进而影响到
ODHP反应的性能。钒氧化物在焙烧过程中与CeF3分解出来的CeO2形成CeVO4，
钒氧化物的损失伴随着 CeVO4 晶相的形成。VOx 负载在 CeO2 上时，丙烯选择性
随 V/Ce 比增加而上升，产物中同时生成大量 COx。VOx/CeF3 催化剂中 F 离子的
存在可有效抑制丙烷的深度氧化，产物中 COx 的选择性几乎为零。反应产物中


















In recent years, oxidative dehydrogenation of propane to propylene (ODHP) 
received great attention. How to effectively activate and convert propane molecules 
and suppress the subsequent oxidization of the target product was an important 
research subject. New composite materials containing cerium oxide with unique redox 
properties and oxygen storage capacity were of great concern to scientific workers. 
However, the role of components, synergy mechanism and structure-activity 
relationship of cerium base catalysts needed further confirmation and understanding. 
A series of CeO2/CeF3 catalysts were prepared by direct decomposition of CeF3. 
Characterizations by XRD, Raman, and LEIS show that CeO2 covered on the CeF3 
surface. The decomposition of CeF3 starts from outer surface. The amount of the 
formation CeO2 is a function of the calcined temperature. With the increase of the 
calcined temperature, the surface F/O ratio decreases due to the formation of a thicker 
layer of CeO2. The CeO2/CeF3 shows a much better catalytic performance for propane 
oxidative dehydrogenation to propylene than CeO2, which may be due to the surface 
modification of F- that dilutes the surface active oxygen species and enhances the 
selectivity to propylene.  
VOx doped cerium fluorides and cerium oxides with different vanadium contents 
were prepared by wet impregnation method. The catalysts were characterized by BET 
surface area, powder X-ray diffraction, Raman, Uv-vis. It was found that the nature of 
the carrier and the vanadium oxide loadings affected the surface structure and crystal 
phase. Cerium vanadate was generated during the stages of the catalyst preparation. 
X-ray diffraction revealed the presence of crystalline CeVO4 phase. Propene 
selectivity rised with the increase of V/Ce ratio mainly since the generation of more 
CeVO4 species. A significant proportion of COx was detected in ODHP reaction 
products of VOx/CeO2
 catalyst. However, CeF3 as a kernel in VOx/CeF3 catalyst 
















complete oxidation of the propane. C1 and C2 compounds in reaction products caused 
by carbon double bond rupture may be promoted by F ion modified surface. 


























































C3H8 + l/2 O2→ C3H6 + H2O 








图 1.1 丙烷和丙烯中 C-H 键的强度 
Fig.1.1 C–H bond strength in propane (left) and propene (right) 




图 1.2 氧物种氧化丙烯的可能反应路径 
Fig.1.2 Possible reaction paths for the oxidation of propylene by oxygen species. 
O2 
























C3H8 + O∗   C3H8O∗  
2.邻位氧的插入导致吸附的丙烷 C-H 键解离 
C3H8O∗ + O∗   C3H7O∗ + OH∗  
3. 丙烯的脱附 
C3H7O∗   C3H6 + OH∗  
4. 两个邻羟基重组形成水分子，还原态的钒氧化物形成（∗代表氧空位） 
OH∗ + OH∗   H2O + O∗ + ∗  
5. 催化剂被气相氧重新氧化 
O2+ ∗ + ∗   O∗ + O∗  



























表 1.1 丙烷氧化脱氢催化剂的类型及其特点总结 





















表 1.2 ODHP 催化剂体系的活性及选择性总结  
Table 1.2 Summary of active and selective catalytic systems for ODHP 
催化剂类
型 







钒基 4.2 %V-MCF[1] 550 40.8 68.5 26.5 
钼基 K0.07/Mo1/TiO2-SiO2[2] 550 60 50 30 
镍基 80 % NiO–POM[3] 450 44 45 20 
杂多金属
氧酸盐类 
Cs2.5H0.5PMo12O40[4] 380 58 16 9.3 




6000 ml/g·h 时，3 %Cs2O/2CeO2/CeF3 催化剂 500 ºC 时的丙烷转化率为 53.4 %，此
时丙烯选择性和产率分别为 67.5 %和 36.0 %。CeF3 的加入使得稀土氧化物中的晶






















CeO2 是绝缘体，禁带宽度为 6.0 ev。当氧空位出现后，Ce4+变成 Ce3+，其电子态对
催化反应起到重要影响[6]。 
 
图 1.3 CeO2 (111)顶部和侧面示意图 




面氧）被移除后，表面空位处的 Ce4+被还原为 Ce3+。 
Fig.1.4 Reactive defect in a ceria surface: Coordinated Ce4+ ions in a dimeric surface 
vacancy cluster are reduced to reactive Ce3+ when the trimer of oxygen ions (surface 
dimer plus a subsurface oxygen) is removed[8]. 
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